lyzed the results of biopsies and simultaneous CSF diversion procedures in patients who harbored intraventricular tumors with associated hydrocephalus.
Methods
Patients with intra-and paraventricular tumors and tumor-like lesions who underwent endoscopic biopsy and CSF diversion procedures between 2000 and 2009 were included in the present study; those who underwent excision of the lesion were excluded. Preoperatively, the patients underwent either contrast-enhanced CT or MR imaging. An MR imaging study was performed in all patients being considered for an ETV. Additionally, patients with posterior third ventricular and tectal plate tumors underwent CSF flow studies to determine the obstruction to CSF flow by the tumor whenever necessary. An approach through a single bur hole was considered for the 2 procedures performed in all patients. The location of the bur hole was chosen based on the location of the tumor and the degree and type of associated hydrocephalus. A straight trajectory to the region of interest was preferred in all patients. The patients with posterior fossa tumors were considered for an endoscopic biopsy only if they required an ETV to control the hydrocephalus prior to the diagnostic surgery. Preoperative MR imaging in these patients demonstrated that the tumor was located in either the superior vermian region or the fourth ventricle with extension to the aqueductal inlet. A frontal occipital horn ratio of 0.38 or more was suggestive of hydrocephalus. 17 The considered CSF diversion procedures included ETV, AS, or VP shunt placement, based on the nature of the tumor and the type of hydrocephalus. Hydrocephalus due to obstruction at the posterior third ventricle or the aqueduct was considered for either ETV or AS, based on the safety and feasibility of the procedure and the patient's and family's wishes. Hydrocephalus due to obstruction at the fourth ventricle was considered for ETV. Ventriculoperitoneal shunt insertion was contemplated for hydrocephalus resulting from obstruction at the anterior third ventricle of the foramen of Monro. As the endoscope was used during surgery for the biopsy and was readily available, all shunts were placed under endoscopic visualization. Patients in whom the hydrocephalus was considered to be mild and asymptomatic were not initially considered for a CSF diversion procedure; however, if the patient became symptomatic later, a CSF diversion procedure was contemplated. In patients considered for an endoscopic CSF diversion procedure (ETV, aqueductoplasty, or endoscopic AS), the diversion procedure was performed first and the biopsy was undertaken later. In those considered for simultaneous VP shunt placement, the biopsy was conducted initially and the shunt was placed under endoscopic guidance through the same bur hole after the biopsy.
For both procedures, we primarily used a GAAB rigid lens endoscope (Karl Storz) with a working channel. If the foramen of Monro or the ventricles were inadequately dilated for the rigid scope, a GAAB pediatric rigid fiberscope was used. Additionally, for lesions in the superior vermian or the fourth ventricle region, we used a GAAB rigid fiberscope that could be safely accessed through the dilated aqueduct. After the bur hole was made, the ventricles were tapped with a 9 Fr peel-away sheath, and the CSF was collected for analysis including tumor markers when necessary. In patients in whom an ETV was indicated, the procedure was performed before the tumor biopsy. In patients who were candidates for simultaneous shunt insertion, the shunt was placed under endoscopic guidance in a dilated part of the lateral ventricle away from the tumor after the biopsy was performed.
For patients undergoing an ETV, the GAAB rigid endoscope was introduced into the third ventricle and the tuber cinereum was identified. The fenestration was made with a 3 Fr or a 4 Fr Fogarty catheter in front of the mammillary bodies and was subsequently enlarged by dilating the balloon. By advancing the endoscope, we observed the basal cisterns; any second membrane evident at surgery was fenestrated. For the patients undergoing an aqueductal reconstruction procedure, the aqueduct was dilated with a 3 Fr Fogarty catheter and the fourth ventricle inlet was visualized. In patients considered for AS, excessive dilation of the aqueduct was avoided. We used a freestanding 4-cm-long aqueductal stent (G. Surgiwear Ltd.) introduced through the endoscope's working channel for this purpose. After choosing the most dilated part of the ventricle, the ventricular catheter was placed using a peel-away sheath technique under endoscopic guidance.
During the endoscopic biopsy, several tissue samples were obtained from the most accessible part of the tumor by using either 2 × 2-mm cupped biopsy forceps (rigid rod-lens scope) or 1 × 2-mm biopsy forceps (rigid fiberscope) under direct endoscopic vision. Prebiopsy coagulation of the tumor surface was avoided unless the tumor surface appeared unduly vascular. Every attempt was made to obtain multiple samples (minimum 3, usually 6-10 bits) from different locations of the tumor and from both its surface and its depth. Mild bleeding from the tumor surface was usually controlled with irrigation. Samples were sent for histopathological evaluation. During the initial part of the study, the samples were sent for both preliminary evaluation (either smear section or frozen section) and permanent histopathological evaluation, whereas during the latter part of the study, all sample bits were sent for permanent histopathological evaluation only. Hemostasis was achieved with the help of coagulation and continuous irrigation with lactated Ringer solution at body temperature. Bleeding during surgery was classified as minor (mild expected oozing controlled with irrigation and coagulation, requiring no more than 5 minutes of operative time to control), moderate (significant oozing controlled with irrigation and coagulation, requiring more than 5 minutes to control), and severe (significant bleeding that required placement of an external drain, procedure may or may not be abandoned).
All patients underwent follow-up CT or MR imaging on the 1st postoperative day to assess for any tumor bed or intraventricular hemorrhage, the degree of pneumocephalus, and the position of the stent or ventricular catheter. Patients who did not undergo shunt placement during the initial surgery were carefully observed for any signs of progressive hydrocephalus, and if required, a VP shunt was placed through another bur hole in the parietal region.
Histopathological reports were evaluated, and the biopsy samples were classified as diagnostic, suggestive, and nondiagnostic. Diagnostic specimens demonstrated either a classic diagnostic pattern or had evidence from which a diagnosis could be made under standard conditions. The suggestive specimens had evidence of a pathological process but did not meet the criteria required for a definitive diagnostic pattern (for example, a chronic inflammatory pattern in a patient with tuberculous pathology). The nondiagnostic tissue specimens demonstrated normal tissue patterns or were from adjacent regions that suggested the presence of a pathological process but did not include samples from which to diagnose a disorder. Immunohistochemistry was performed when necessary to establish a diagnosis. The final diagnosis was made by integrating and correlating the clinical and radiological picture with the overall pathological diagnosis.
Patients underwent further treatment depending on their histopathological evaluation. In those with a negative biopsy or inadequate results, a repeat endoscopic biopsy or a stereotactic biopsy was considered. If microsurgical removal was necessary, it was considered during the postoperative period or at follow-up.
The follow-up period for the ETV varied between 12 months and 4 years, with a mean of 23 months. Computed tomography and MR imaging studies were performed at the follow-up to evaluate the ventricle size and the status of the tumor.
Results
Of the 87 patients with intra-and paraventricular tumors and tumor-like lesions who underwent endoscopic biopsy and CSF diversion procedures during the study period, 32 were in the pediatric age group, with 5 younger than 1 year (Table 1) . Tumors were located in the region of the posterior third ventricle in 41 patients, in the pineal region in 30 and in the tectum in 11. Six patients had brainstem tumors, while 11 had tumors situated in the region of the foramen of Monro or in the lateral ventricle. Three patients had asymmetrical biventricular hydrocephalus, with one of them demonstrating unilateral hydrocephalus. In all 87 patients, endoscopic visualization of the tumor and biopsy could be performed (Table  2 ). In 5 patients the biopsy samples were sent for both intraoperative evaluation (either frozen section or smear preparation, depending on the institution) and permanent evaluation, and the other 82 patients had samples sent only for permanent evaluation.
The initial endoscopic biopsy was diagnostic in 72 patients (83%), suggestive of the pathology in 7 (8%), and nondiagnostic in 8 (9%). Initial biopsy results are listed in Table 3 . The diagnostic yield as compared with the location of the tumor is described in Table 4 .
Among the 87 patients, an ETV was considered in 55; it was successfully performed in 52 (Table 5 ). In 2 patients the procedure could not be performed due to abnormal findings observed intraoperatively (tumor growth or inadequate visualization), and in another it was abandoned because of excessive bleeding. Two patients underwent AS. A septostomy was performed in 15 patients during the endoscopic exploration either for asymmetrical hydrocephalus or for better tumor visualization.
Twenty-three patients were initially considered for VP shunt placement during the tumor biopsy. Two other patients in whom an ETV could not be completed because of anatomical abnormalities underwent shunt placement during the tumor biopsy. In 7 patients shunt placement was performed during the postoperative period; in 6 of them the shunt was required because of symptomatic hydrocephalus. Another patient with significant bleeding who could not undergo an ETV also required a shunt. One patient with mild ventriculomegaly did not require a CSF diversion procedure.
Of the 52 patients in whom an ETV could be successfully performed, the procedure was successful in 45 (85%). Of the 7 unsuccessful ETVs, 6 failed in the early postoperative period (< 6 weeks) and 1 failed 2 years after the initial procedure. The early failures were treated with the insertion of a VP shunt, and the sole child with a late failure underwent a repeat ETV, which was successful. The 2 patients who underwent AS had good relief of their hydrocephalus symptoms. Twenty-two patients subsequently underwent 24 repeat procedures (Table 6 ). The initial repeat procedures involved endoscopic biopsy in 2 patients, microsurgery and tumor excision in 18, and stereotactic biopsy in 2. Two patients required a third procedure for a definitive diagnosis; one of them who underwent a diagnostic stereotactic procedure had an inconclusive result and thus underwent microsurgery for a definitive diagnosis. Another patient underwent a repeat endoscopic biopsy that was still inconclusive, and thus a microsurgical approach was performed for a definitive diagnosis.
In the 5 patients with both intraoperative and permanent evaluations, the diagnosis was consistent between the frozen section and the permanent histopathological evaluation ( Table 2 ). In the 22 patients who underwent an initial endoscopic biopsy and subsequent procedures, the diagnosis was consistent in 12 and somewhat similar in 4. In 6 other patients, either the microsurgical or the stereotactic approach correctly diagnosed the pathology; this includes the 2 patients who had to undergo a third procedure for diagnosis.
Of the 55 patients considered for ETV, 1 had significant bleeding that required the procedure to be abandoned and 2 had postoperative CSF leakage (Table 7) . Mild forniceal surface contusion, injury to the massa intermedia, and ventriculitis were the other significant complications. During the tumor biopsy, bleeding was encountered in 15 patients-mild in 12, moderate in 2, and severe in 1 requiring placement of an external ventricular drain. There were 3 deaths, caused by pulmonary embolism, ventriculitis, and aspiration pneumonia in 1 case each.
Discussion
Endoscopes offer a distinct advantage over conventional microscopes in visualizing and approaching deepseated tumors adjacent to the ventricles and the CSF spaces. The hydrocephalus resulting from obstruction of the CSF pathways is advantageous in that it dilates the ventricles, which facilitates safe and easy navigation of the endoscopes without causing injury to the adjacent structures.
Advantages of Endoscopic Biopsy
Endoscopy offers direct visualization of the intraventricular anatomy and allows precise biopsies of the most suspect area of the lesion, which has been reported to improve diagnostic accuracy. Further, as the procedure is performed under direction vision, biopsies from areas with an overlying blood vessel can be avoided, and areas with increased vascularity can be precoagulated to reduce bleeding during the procedure. Moreover, the CSF collected at the time of surgery can be evaluated for tumor markers, which can often be useful in cases of nondiagnostic biopsy. The greatest advantage of the endoscopic biopsy lies in the fact that a simultaneous CSF diversion procedure can be performed in indicated patients, and thus a second surgery can be avoided. Though ETV has been the most common CSF diversion procedure, septos- 
Success Rate for Endoscopic Biopsy
Several published reports have documented the efficacy of endoscopic tumor biopsies in pediatric and adult populations. The overall success rates for tumors in all locations in major series have varied between 61% and 100%. Fiorindi and Longatti, 4 on compiling 206 reported cases of endoscopic tumor biopsies in 9 series, reported an overall diagnostic yield of 88%. Tirakotai et al. 29 reported a 100% diagnostic yield in 29 patients who underwent endoscopic biopsies. Similarly, Souweidane 26 reported a diagnostic yield of 96% in a series of 26 patients, with the biopsy abandoned in only 1 patient because of bleeding. Similar diagnostic yields have been reported by others; 16, 25 however, a slightly lower success rate has been reported by still others. Macarthur et al. 11 had an overall success rate of 61% in 28 biopsies. The overall success rates in other reports have ranged between 69% and 76%. 1, 3, 15 In the present report we had a definitive diagnostic rate of 83%, and if we include the 7 patients in whom the biopsy suggested a pathology to an extent sufficient for consideration of further management, the overall positive diagnostic rate was 91%.
Considerations in Achieving a High Diagnostic Yield
Rigid Versus Flexible Endoscopes. On analysis of the literature, we found a correlation between the use of a flexible scope and a relatively higher nondiagnostic rate; higher success rates were uniformly demonstrated with the use of rigid endoscopes. Rigid endoscopes appear to improve the diagnostic rate in several different ways. They permit the passage of larger-diameter biopsy forceps, which procure larger sample sizes. Additionally, an improved picture quality with better visualization allows one to obtain samples from various regions of the exposed tumor surface. In a prior study, the diagnostic rate significantly improved with rigid scopes (76%) as compared with steerable scopes (43%).
3 Similar observations were also reported by Ahn and Goumnerova 1 : a 45% diagnostic biopsy using flexible scopes as compared with 81% using rigid scopes.
In the present study we preferentially used a rigid rod-lens endoscope. The superior optics and excellent illumination together with the ability to obtain large biopsy samples were the primary factors in choosing the rigid endoscope over a flexible one. We precisely planned the position of the bur hole to obtain a straight trajectory to the lesion. The location of the bur hole for pineal region tumors was decided after identifying the midpoint of the anterior margin of the tumor and the site of the third ventriculostomy and extrapolating the line along the posterior margin of the foramen of Monro to the calvaria. Considerations in placing the bur hole to access lesions in the third ventricle and the para-third ventricular region included the size of the foramen of Monro and the site of the tumor with the bur hole situated on the opposite side of the lesion to access it via a straight trajectory. In the patients with a relatively nondilated foramen of Monro, we preferred to use a rigid fiberscope rather than a flexible scope because of its better orientation and relatively large diameter of biopsy forceps.
Location of the Tumor and Diagnostic
Yield. Previous reports have also described a relation between the location of the tumor and a successful biopsy. Ahn and Goumnerova 1 documented 100% success rates for lateral ventricular lesions and 87.5% for pineal lesion locations, while the diagnostic accuracy decreased to 57% for thalamic and 25% for tectal lesions. Pineal region tumors have been associated with a higher diagnostic yield. In one of our previous communications, we reported a diagnostic yield of 100% for posterior third ventricular lesions in 23 patients in whom a biopsy could be successfully performed. 21 Similarly, a 94% positive diagnosis rate using both flexible and rigid endoscopes was quoted by Pople et al. 18 In the present study, we experienced a high failure rate for superior vermian biopsies. Though the consideration of a concurrent biopsy during ETV did not change the overall management protocol in these patients, the biopsy was aimed at providing a tissue diagnosis before the definitive surgery for treating the tumor, which often helps in planning the overall management and assists families in the decision process. Performing a biopsy in conjunction with an ETV did not add much to the overall operative time or morbidity. Although it is difficult to conclude the exact reason for the negative biopsies in a limited number of cases, we believe that they were most likely due to the tumor location and the limited access to the region. The superior vermian lesions that were biopsied endoscopically impinged either on the superior velum region or into the superior fourth ventricle. These lesions were biopsied through the trans-third ventricle aqueductal corridor by using the thinner GAAB rigid fiberscope with a smaller-cup biopsy forceps. A similar observation was made by Depreitere et al., 3 who noted that there was a poor diagnostic yield associated with posterior fossa tumors possibly given the use of steerable endoscopes. For pineal region tumors, we had a conclusive biopsy rate of 83% with an additional 10% suggestive of the lesion.
Frozen Section or Permanent Section? Conventionally, during the biopsy, tumor samples are initially sent for either frozen section or squash preparation, and a preliminary report is obtained from the pathologist prior to closing. During the endoscopic biopsy, obtained samples are considerably smaller than the tissue specimens obtained during microsurgery. The tissue samples obtained in an endoscopic biopsy are usually 1 × 1 or 2 × 2 mm in diameter, depending on the endoscope and biopsy forceps used during the procedure. Considering this, in the present series, in only 5 patients were specimens sent for both frozen section or squash preparation and permanent section. We followed this course with the aim of providing the neuropathologist with all the specimens obtained during the biopsy for a definitive histopathological analysis. Further, as in endoscopic biopsies, samples were obtained under direct vision; we believe that there is a smaller chance of misidentifying the lesion if it is well visualized at surgery. In the 5 patients in whom both frozen or smear sections and permanent sections were evaluated, there was a 100% correlation between the 2 techniques. Though in the present study we cannot substantiate our philosophy of not sending for an intraoperative diagnosis, we believe that in patients with a smaller biopsy specimen, it is not unreasonable to preserve the entire obtained specimen for permanent section.
Intraoperative Guidance and Improved Visualization. Intraoperative image guidance has been used during the biopsy and CSF diversion procedure 13, 19, [24] [25] [26] and is especially recommended in patients without hydrocephalus to improve accuracy and minimize brain trauma. 24 Others have used frameless stereotactic guidance exclusively for trajectory planning and for optimizing ventricular cannulation. 26 In a previous report, a 100% diagnostic sampling was achieved in 12 patients who had intraventricular masses without any significant ventriculomegaly.
Two recent reports have highlighted improving the diagnostic yield in tumor biopsies. Husain et al. 6 documented a higher incidence of a positive yield through a cytohistological approach in endoscopic biopsies. The diagnostic yield improved from 77.4% to 93.5% by combining cytological evaluation of the tumor irrigation fluid obtained during the biopsy with the conventional histological approach. In another interesting report, Tamura et al. 28 used 5-aminolevulinic acid (5-ALA)-induced protoporphyrin IX fluorescence imaging system to visualize a malignant glioma in the third ventricle prior to biopsy.
Concordance Between the Initial Biopsy and Subsequent Biopsies
In the present series, a subsequent surgical approach was undertaken in 22 patients (25%) for either a repeat biopsy or tumor decompression. Among these patients, a repeat biopsy or surgery was performed in 6, as the initial biopsy was nondiagnostic. Thus, in 16 patients both the initial endoscopic surgery and the subsequent surgery revealed a diagnosis. This result enabled us to analyze the correlation between the endoscopic biopsy and the biopsy obtained during the subsequent surgery. Among these 16 patients, the subsequent diagnosis matched the initial diagnosis in 12 (concordance rate of 75%). In the remaining 4 patients, the subsequent diagnosis at microsurgery revealed a similar, though not exact, picture. Evaluation of a tissue sample that was larger or from a different region probably led to the refined diagnosis during the microsurgical approach. Concordance rates have been found to vary from 83% (5 of 6 patients in Depreitere et al. 3 ) to 80% (4 of 5 patients in O'Brien et al. 15 ).
Management of Hydrocephalus
Associated hydrocephalus in patients with intraventricular tumors depends on the location of the tumor and the degree of obstruction. Pineal and tectal tumors are more likely to cause hydrocephalus given their strategic location and proximity to the aqueduct, whereas tumors located at the foramen of Monro and lateral ventricles are more likely to cause dilation of one, both, or a segment of the lateral ventricles. Interventricular septostomy can permit communication of trapped lateral ventricles with the rest of the ventricular system, and thus relieve the hydrocephalus. Septostomy is a relatively safe procedure and has been successfully used in tumor-associated hydrocephalus. 1, 3, 11, 16, 27 The placement of aqueductal stents has been infrequently described, especially in tumors in the region of the aqueduct. 16 
Efficacy of ETV
There are several well-documented reports mentioning the efficacy of ETV in obstructive hydrocephalus associated with tumor. Ray et al. 20 reported a success rate of 70% in 43 patients. Similar reports have been published by others. 15, 22 In another study, Macarthur et al. 11 had a short-term success rate of 95% and long-term rate of 83% for ETV in patients with tumors. The early failure in third ventriculostomy has been attributed to nonabsorption of the CSF at the arachnoid granulation. Delayed failure in ETV has been commonly attributed to gliosis or ependymal or arachnoid scarring involving the third ventricular floor. 12 However, authors of 2 recent reports have described stoma obstruction by a tumor growth or seedling. 10, 14 In the present study, in patients in whom ETV could be performed satisfactorily, the long-term success rate was 86%. The success rate drops to 81% if the technical failures are included in the calculation.
Dual Port or Single Port?
A single bur hole approach has been found to be adequate in most studies when the tumor is located in the anterior third ventricle or lateral ventricle. However, as the trajectories for the third ventricle and the biopsy are different for tumors located in the posterior third ventricle or the periaqueductal region, some consider using 2 bur holes, 1 exclusively for the tumor biopsy and the other for the third ventriculostomy. 30, 32 Most authors using a steerable endoscope favor a single bur hole for both the ETV and the tumor biopsy. 3, 7, 15, 27 In a previous report, Macarthur et al. 11 considered 2 bur holes to be useful in only 2 of 87 patients; they suggested that 2 bur holes should not be required as a routine. In the present series, we predominantly used a rigid rod-lens scope for both procedures. In patients with a narrow foramen of Monro or a mildly dilated third ventricle, we preferentially used the GAAB rigid fiberscope, which has a narrower diameter than the rod-lens scope without sacrificing much of the picture quality. In another report, Chernov et al. 2 have advocated the use of a dual port system for bilateral intraventricular access with continuous irrigation, which can permit uninterrupted use of the working channel of the fiberscope used for the biopsy. With the use of the rigid endoscope, we did not encounter any concerns in terms of irrigation, as the ventricles can be well irrigated through the additional channel and the tumor biopsy can be obtained through the instrument channel.
Are Certain Parts of the Brain More Risky for Tumor Biopsy?
It is generally thought that lesions in the thalamus or basal ganglionic region can be more difficult to biopsy and may be associated with an increased risk unless the ependymal surface is violated by the tumor. However, in our 87 patients, we did not encounter any increased complications at any specific location. The incidence of clinically significant hemorrhage after tumor biopsy was reported as 3.5% in a series of 86 patients with the procedure aborted in 2 (2.3%). 8 We had 3 patients with significant bleeding (moderate to severe), and the bleeding site was located in the pineal region in 2 of these patients. One of the patients, who harbored a cavernoma, had significant tumor bleeding during the surgery. The other patient, who had a pinealocytoma, had moderate bleeding during the surgery, and although it subsided with irrigation, a tumor bed hematoma resulted. This patient required repeat surgery for tumor excision and hematoma evacuation, but she died a week later as a result of aspiration pneumonia.
During the tumor biopsy, mild bleeding is expected from the tumor margins. Most of the bleeding in the present study was mild and was well controlled with irrigation and cauterization. Prebiopsy cauterization of the tumor surface would obviously have reduced the incidence of bleeding during surgery; however, it might also have led to cautery artifacts of the biopsy samples, and thus reduced the overall diagnostic yield.
We observed forniceal contusion in 8 patients, which was mild in 7 and significant in 1. This finding may be related to our protocol of using a rigid rod-lens scope and attempting to navigate anteriorly for the third ventriculostomy and the subsequent posterior trajectory for the tumor biopsy. However, the forniceal contusions did not result in clinically appreciable memory deficits. Considering this and the fact that the diagnostic yield with flexible scopes was lower than that with rigid scopes, we have not modified our practice of using the rigid scope as our initial choice in most patients with a dilated foramen. Note, however, that we did consider using a thinner-diameter rigid fiberscope in patients with a narrow or normally sized foramen or in whom a biopsy from the aqueductal inlet or superior vermian region is required.
Sequence for ETV and Tumor Biopsy
There has been considerable discussion in the literature regarding prioritization of the procedures during a tumor biopsy and ETV. Obtaining a tumor biopsy before the third ventriculostomy has been supported by some to minimize dissemination of the tumor cells. 32 Most others obtain a tumor biopsy subsequent to the ETV, as mild bleeding during the biopsy can obliterate the landmarks for a safe fenestration in the third ventricular floor. 1, 3, 15, 16 We have performed all tumor biopsies after the ETV to reduce the risk of abandoning the ETV as a result of bleeding during the tumor biopsy. However, in patients undergoing VP shunt placement during the same surgery, the shunt insertion was performed under endoscopic guidance after the tumor biopsy.
Although there have been some concerns regarding possible tumor dissemination with concurrent endoscopic biopsy and ETV, 2 recent studies have not shown any increased incidence of tumor dissemination following simultaneous endoscopic biopsy and ETV in patients harboring posterior third ventricular tumors.
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Conclusions
Endoscopic tumor biopsy and simultaneous CSF diversion procedures using a rigid lens endoscope with a single bur hole technique are safe and efficacious. In the present study there was an overall success rate of 83% for the biopsies and 86% for the ETVs. A concordance rate of 75% was found in patients who underwent an initial biopsy and a subsequent microsurgical approach for tumor excision. Biopsies from the pineal region had a high success rate of 83%, whereas there was a relatively poor diagnostic yield from biopsies from a small number of superior vermian lesions. We believe that a single bur hole technique using a rigid lens scope is adequate in most circumstances and should be supplemented by a thinner rigid fiberscope in indicated patients.
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